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These shortcomings have prompted the development of new diagnostic tools. It has been shown for more than 50 years that most tumors have a higher utilization and metabolism rate of glucose. 12, 13 This has lead to the development of an imaging modality using positron emission tomography (PET) of 18F-labeled glucose, 2-͓18-F͔-fluoro-2-deoxyglucose (FDG), to detect cancer cells. FDG is transported into tumor cells by hexose transporters and is then phosphorylated by hexokinase to FDG-6-phosphate. FDG-6-phosphate cannot be further metabolized in most tumor cells, thereby it selectively accumulates in the cancer tissue. 14 
FDG-PET offers new information on specific metabolic features of cancer cells rather than anatomic data on the localization of a lesion.
Several recent studies have demonstrated a high sensitivity and specificity of FDG-PET scanning for several types of cancers, [15] [16] [17] including colorectal cancer. 18 -20 Retrospective studies have also suggested that the availability of PET allows improved selection of patients with metastatic colorectal cancer to the liver, resulting in better survival after liver resection. 21 For example, in 1 study, PET imaging detected extrahepatic tumor in 25% of patients found to have resectable hepatic metastases by conventional preoperative workup. 21 However, PET is limited by a poor resolution and poor anatomic localization of positive PET lesions. As a result, the diagnosis ultimately relies on a correlation between findings obtained on CT or magnetic resonance imaging and the PET scan. To overcome this limitation, a new technique combining the same imaging session data of a full-ring PET-scanner with a multi-detector row helical CT has been developed. 22 With this novel technology, the PET-positive lesions are projected directly into the CT scan to obtain simultaneous functional and anatomic information. These theoretical advantages have recently been confirmed in lung cancer, where PET/CT was significantly more accurate in predicting the tumor stage than PET or CT alone. 16 PET/CT technology was introduced in our center in April 2001, and patients with colorectal tumor referred for a liver resection underwent a PET/CT after conventional workup. Data was prospectively collected to assess the ability of PET/CT to detect new tumor lesions and to evaluate how the availability of PET/CT imaging impacted on the selection of patients for surgery.
METHODS

Study Design
From January 2002 until July 2003, each patient being considered for liver resection for metastases from colorectal origin was included in the study. Cases with synchronous metastases were not present in this series. Conventional work-up included ceCT of the chest and abdomen, and when conventional imaging data from referring institutions was insufficient, that is, of poor quality or ceCT older than 15 days, a new ceCT was performed in our center. A colonoscopy was also required within 6 months prior to surgery. A PET/CT was obtained after completion of the conventional work-up. Any new lesion diagnosed on PET/CT was subsequently confirmed by percutaneous or surgical biopsies. The final decision to proceed with liver resection was based on all available data. In patients felt to have resectable lesions, a standard exploration of the abdominal cavity was performed, including routine intraoperative ultrasound by an independent investigator as well as biopsies of each lesion noted on ceCT or PET/CT. In patients who were considered nonoperable, the clinical course and serial ceCT (3 and 6 months) were used to conclusively establish the diagnosis of the initial ceCT and PET/CT findings. The PET/CT images were individually evaluated by a board-certified radiologist and nuclear medicine physician (T.F.H.) unaware of the other conventional imaging findings. The main end point was to assess how PET/CT may change the indications for surgery compared with conventional radiology, that is, ceCT alone. Secondary end points included the number of true-and false-positive and -negative PET/CT findings, the ability of ceCT and PET/CT to detect extrahepatic disease and recurrent liver tumor after hepatectomy, and finally the influence of chemotherapy on the detection of tumors by PET/CT. False-positive findings were defined as benign lesion, which were diagnosed as liver metastases. Liver metastases, which were missed by an imaging technique, were counted as false-negative findings.
ceCT Imaging Protocol
In-house ceCT imaging was performed with a multidetector row scanner (Somatom Volume Zoom Siemens, Erlangen, Germany). For contrast-enhancement, 120 to 150 mL of contrast media (Imagopaque, Amersham, AS, Oslo, Norway) was injected intravenously. An arterial as well as a porto-venous phase of the liver was acquired according to the following parameters: 140 kV, 180mAs, collimation 4 ϫ 1 to 4 ϫ 2.5 mm, pitch 1.5 to 1.25, reconstruction interval (mm) 1 to 2, slice with 1.25 to 3 mm. Arterial phase imaging was performed with an automatic-bolus tracking system; the initiation of the porto-venous phase was set around 20 seconds after the end of the data acquisition of the arterial phase. Both scans covered the thorax and abdomen to the level of the groins.
PET scanner and a multidetector-row helical CT (LightSpeed Plus) are integrated in this dedicated system. The table excursion permitted scanning of 7 contiguous PET sections covering 1011 mm. This gave adequate coverage from head to pelvic floor in all patients examined. The PET and CT data sets were acquired on 2 independent computer consoles, which were connected by an interface to transfer CT data to the PET scanner. For viewing of the images, the PET and CT data sets were transferred to an independent, PC-based computer workstation by DICOM transfer. All viewing of coregistered images were performed with a dedicated software system (eNTEGRA, ELGEMS, Haifa, Israel). Whereas PET images were acquired during free breathing and each image was obtained over multiple respiratory cycles, CT scans were performed during shallow breathing.
The patients were fasted for at least 4 hours before the intravenous administration of 10 mCi (370MBq) of FDG. Forty-five minutes postinjection, the combined examination started. CT data were acquired first. The patients were positioned on the table in a head-firs supine position. The arms of the patients were placed in an elevated position above the head to reduce beam-hardening artifacts. However, in patients unable to maintain this position, arms were positioned in front of the abdomen (n ϭ 14). For the CT data acquisition, the following parameters were used: tube-rotation time 0.5 seconds per evolution, 140kV, 80 mA, 22.5 mm per rotation, slice beam pitch 1.5 (high-speed mode), reconstructed slicethickness 4.25 mm, scan length 867 mm, and acquisition time 22.5 seconds per CT scan. No intravenous or oral contrast agents were used. After the CT data acquisition was completed, the tabletop was automatically advanced into the PET gantry, and acquisition of PET data was started at the level of the pelvic floor. Six incremental table positions were acquired with minimal overlap, thereby covering 867 mm of table travel. For each position, 35 2-dimensional nonattenuationcorrected scans were obtained simultaneously over a 5-minute period. No transmission scans were obtained because CT data were used for transmission correction. The technique for using CT data for attenuation correction has been described in detail elsewhere. 23 The images were reconstructed with iterative reconstruction with 2 iterations and 28 subsets resulting in 35 2-dimensional sections over each axial field-of-view increment of 14.6 cm, resulting in a slice thickness of 4.25 mm. Image reconstruction matrix was 128 ϫ 128 with a transaxial field of view of 49.7 ϫ 49.7cm.
Data Analysis
The attenuation-corrected PET images, the CT images, and the coregistered PET/CT images were viewed simultaneously by a board-certified radiologist using eNTEGRA software. Image interpretation was based on the identification of regions with increased FDG uptake on the PET images and the anatomic delineation of all FDG-avid lesions on the coreg-istered PET/CT images. Furthermore, all CT images were viewed separately to identify additional lesions without FDG uptake using soft tissue, lung, and bone window leveling.
Statistical Analysis
Differences in the ability to detect intrahepatic and extrahepatic lesions between the CT scan and PET/CT were calculated by the 2 test. A P value of less than 0.05 was considered to be statistically significant. The statistical analysis was performed with the Statistical Package and Software Solution 9.0 (SPSS, Chicago, IL) software.
RESULTS
Demographics
Seventy-six patients (52 men, 24 women) with a median age of 63 years (range 35-78 years) were included in the study. Each patient was evaluated for resectability of metastatic colorectal cancer to the liver and received a ceCT and a PET/CT within a period of 2 weeks. The median time between colorectal resection and initial presentation was 14 months (range 3-25 months). Sixty-two patients received chemotherapy after the colorectal cancer surgery with a median interval between last chemotherapy and PET/CT of 3 months (range 7 days to 15 months). The median follow-up of patients was 16 months (6 months to 3 years).
The data was analyzed in a step-by-step manner. 1 First, a correlation of the ceCT and PET/CT findings was performed, including an analysis of all additional information provided by PET/CT. We then focused on 2 identification of each positive and negative finding with ceCT and PET/CT, 3 the ability of PET/CT to identify metastases at different extrahepatic sites and at the site of local recurrence after hepatectomy, and 4 the potential effect of chemotherapy on false-negative PET/CT findings. Finally, as the main end point of the study, we assessed the impact of PET/CT on the management of patients with liver metastases.
How Does ceCT Compare to PET/CT Regarding the Detection of Intra-and Extrahepatic Metastases?
The presence of liver metastases was evaluated and allocated into the following groups: (A) unilobar disease up to 3 lesions; (B) unilobar disease with 4 or more lesions; and (C) bilobar disease. As shown in Table 1 , liver lesions were diagnosed as benign in 8 patients by ceCT and in 14 patients by PET/CT. About half of the remaining patients were in group A with either diagnostic modality, less than 5% were in group B, and about a third of patients were in group C. Therefore, no difference was noted between ceCT and PET/CT regarding the detection of intrahepatic metastases according to the classification used. Local recurrence at the site of the colorectal primary tumor was found in 9 patients (11%) in the ceCT and in 15 patients (20%) in the PET/CT 
What Was the Incidence of False-Negative and False-Positive Findings With ceCT and PET/CT?
An analysis of false-positive and -negative ceCT and PET/CT findings was performed. The final diagnosis was based on intraoperative findings including a comprehensive ultrasound evaluation, histology of the resected liver and other biopsies, and follow-up with serial ceCT in all patients, including those who did not undergo surgery.
Ten patients (13%) had only benign liver lesions without evidence of malignancy. ceCT correctly identified 7 patients as cancer-free with false-positive results in 3 patients (2 adenomas and 1 hemangioma) (specificity 70%). PET/CT ruled out cancer in 9 patients, with 1 patient being falsepositive (liver abscess) (specificity 90%, P ϭ 0.58). Among the 66 patients with documented liver metastases, ceCT missed hepatic lesions in 3 patients (5%) and provided false-positive results in 1 case (sensitivity 95%). By contrast, PET/CT did not detect the liver metastasis in 6 patients (9%) (sensitivity 91%).
Local recurrence at the site of previously resected colorectal tumor was present in 15 patients. ceCT missed the diagnosis or provided inconclusive information in 7 patients (53%; sensitivity 53%), whereas PET/CT allowed identification of 14 of the 15 patients, with 1 patient being falsenegative (7%, sensitivity 93%, P ϭ 0.03) ( Table 2) .
Extrahepatic metastases were present in 36 of the 66 patients (55%) (Fig. 2) . ceCT failed to diagnose extrahepatic metastases in 13 of the 36 patients (36%) (sensitivity 64%), whereas PET/CT did not diagnose extrahepatic lesions in only 4 (11%) of the 36 cases (sensitivity 89%; P ϭ 0.02) ( Table 3 ).
How Does PET/CT Compare to ceCT in the Detection of Local Recurrence in the Liver After Hepatectomy?
The detection of tumor recurrence within the liver after hepatectomy remains difficult. Accurate evaluation is important as false-positive may result in unnecessary intervention, and false-negative may prevent the possibility of curative reresection or ablation therapy. Local recurrence within the liver was suspected on the basis of serial CeCT in 18 patients. Local recurrence was confirmed within the liver in 9 patients (50%), as established at the completion of the study by histology or follow-up. The other 9 patients had changes unrelated to recurrent cancer. PET/CT identified all 9 patients with local recurrence, and provided a false-positive finding in only 1 patient (sensitivity 100%, specificity 89%). Thus, the specificity of ceCT in identifying recurrent disease was 50%, compared with 100% for PET/CT (P ϭ 0.04, Fisher's exact test) ( Fig. 1 ). 
What Is the Ability of PET/CT to Identify Tumors at Specific Extrahepatic Locations?
Because the ability to detect extrahepatic metastases by ceCT or PET/CT could be dependent on the location, we separately evaluated metastases in the lung, portal, or paraaortic lymph nodes, as well as in bone.
Lung metastases were present in 18 patients and were correctly diagnosed in each patient by PET/CT (sensitivity 100%). By contrast, ceCT failed to detect lung metastases in 4 (22%) of the 18 patients (sensitivity 78%, P ϭ 0.1) ( Fig. 3 ). Portal and para-aortic lymph node metastases were present in 13 patients. ceCT failed to identify these lesions in 7 patients (54%, sensitivity 46%), whereas PET/CT missed this diagnosis in 3 patients (23%) (sensitivity 77%, P ϭ 0.4). Bone metastases were noted in 4 patients at the time of the initial presentation. These bone lesions were missed by ceCT in 2 patients and by PET/CT in 1.
Does the Use of Chemotherapy Before PET/CT Influence FDG Uptake of Colorectal Metastases?
It has been suggested that the use of chemotherapy within a month of a PET examination may decrease the sensitivity of PET scan in detecting tumors 24 , although others have challenged this shortcoming. 25 To address this issue, we determined the number of false-negative FDG-uptake in patients with previous chemotherapy versus those without previous chemotherapy administration. Eighteen received chemotherapy within 1 month prior to PET/CT. FDG uptake was absent in the liver metastases in 5 patients (28%) in the group with recent chemotherapy (sensitivity 72%) and in 1 of 58 patients (5%) in the group without recent chemotherapy (sensitivity 98%, P ϭ 0.14, Fisher's exact test).
Extrahepatic metastases were present in 9 of the 18 patients with recent chemotherapy. No FDG uptake was noted in 3 of these 9 patients (sensitivity 66%). By contrast, among the 58 patients without recent chemotherapy, 27 had extrahepatic metastases. FDG uptake was negative in 1patient (sensitivity 96%; P ϭ 0.05, Fisher's exact test).
Similar results were found regarding local recurrence at the site of previous colorectal surgery. Such recurrence was present in 3 patients (17%) in the recent chemotherapy group. FDG uptake was negative in 1 of these 3 patients (sensitivity 66%), whereas documented local recurrence remained FDGnegative in only 1 of 12 patients in the group without chemotherapy (sensitivity 92%; P ϭ 0.08). This patient was diagnosed as a local recurrence by ceCT and PET/CT, despite a negative FDG-uptake, because of an obvious large tumor mass infiltrating the sacrum.
How Does the Availability of PET/CT Impact on the Management of Patients With Liver Metastases?
The main end point of the study was to determine whether the availability of PET/CT may influence the therapeutic strategy in patients with suspected liver metastases. In all 76 patients, a treatment plan was defined after the ceCT examination and re-evaluated after obtaining the PET/CT data. In 60 patients (79%), PET/CT did not change the therapeutic strategy based on the ceCT findings alone. In 16 patients (21%), the findings on PET/CT resulted in a treat- 
DISCUSSION
This is the first study investigating a novel fusion technique of combined PET and CT scan for the evaluation of patients with liver metastases from colorectal origin. PET/CT and ceCT provided comparable findings for the detection of primary liver metastases, but PET/CT was more sensitive and specific in detecting extrahepatic metastases including local recurrence at the site of colorectal cancer as well as local recurrence within the liver after hepatectomy. The information provided by PET/CT resulted in a change in the therapeutic strategy in about a fifth of the patients.
The detection of liver metastases has improved over the past decade with the advance of ceCT, with current reported sensitivity and specificity ranging between 65% and 97%. 26 -28 However, the detection of extrahepatic lesions with low contrast enhancement, such as portal and para-aortic metastases, is difficult by ceCT. 29 Furthermore, after previous hepatectomy, tumor recurrence within the liver is often difficult to diagnose due to nonspecific postoperative changes. The development of the PET scan has offered a new diagnostic option through the visualization of tumor metabolic activity rather than anatomic structures. A few authors have evaluated conventional PET scan in patients with liver metastases from colorectal origin. 18, 25, 30 For example, Ruers et al 25 reported on 51 patients, in whom a CT scan and a conventional PET scan were performed in the evaluation of liver metastases from colorectal origin. They identified extrahepatic disease in 22% of the patients by PET scan, which were missed by ceCT. However, intrahepatic metastases were more often identified by ceCT than PET (sensitivity 80% vs. 65%). Similarly, Fong et al 30 described a low sensitivity of the conventional PET scan, as only 37 out of 52 patients with liver metastases had positive PET findings, although PET enabled identification of 10 patients with otherwise undetected extrahepatic disease.
Conventional PET scanning is associated with several shortcomings. The major drawback relates to the poor resolution of the PET images, making exact localization of FDG uptake difficult. For example, a right adrenal gland metastasis can be misinterpreted as a liver metastasis. 18 Additionally, confirmation of a positive FDG uptake by histology is sometimes impossible because of the lack of morphologic information. The new PET/CT technique allows exact identification of the lesions, which enables accurate biopsies and targeted surgery to be performed. These advantages were recently confirmed by Cohade et al 31 in a series of 45 patients with primary colorectal tumor. PET/CT increased the accuracy of the diagnosis by 30% and improved the certainty of the tumor location by 25%. Similarly, we also noted that PET alone could not localize metastases with certainty in 45% of our population, whereas PET/CT identified the precise localization in each patient (data not shown). Positive PET/CT findings outside of the liver may not always result in denial of surgery, but it may help in targeting additional resection and direct specific studies in a defined group of patients. In our series of 76 patients, additional extrahepatic lesions were shown on PET examination in 16 patients (21%). In 6 cases, we opted to proceed with the liver resection including additional removal of peri-portal PET/CT-positive lymph nodes. It has been suggested that R0 liver resection with proximal peri-portal lymph node metastasis are associated with an acceptable outcome. 32 In this study, we found that ceCT and the PET/CT provided identical information on the presence of liver metastases in patients without previous hepatectomy. The high sensitivity and specificity of ceCT for the detection of liver metastases is related to the intravenous contrast enhancement of the liver, which enables an accurate delineation of intrahepatic lesions. On the other hand, the detection of FDG uptake in the liver is somewhat limited because normal hepatocytes contain a high hexokinase activity and thereby may incorporate FDG. 29 Thus, tumors with low metabolic activity might be diagnosed as false-negative on the basis of FDG uptake, but such lesions are usually detected by the fused CT findings. In contrast, PET/CT was significantly superior to ceCT in detecting local recurrences within the liver after hepatectomy. In half of the patients with local recurrences in the liver, ceCT provided no or inconclusive information. In contrast, each recurrent metastasis demonstrated positive FDG uptake on PET/CT. This finding is not surprising because it is well know that differentiation between postoperative changes after hepatectomy and tumor recurrence based on morphologic findings alone is difficult.
By contrast, new intrahepatic metastases distant from the site of the previous liver resection were equally detected by ceCT and PET/CT (data not shown).
The ability of the PET/CT to detect extrahepatic metastases was different for various tumor locations. Excellent results were achieved for lung metastases, where the PET/CT enabled to detect each lesion, whereas ceCT missed one fifth of the lung lesions. The important role of PET/CT for the detection of lung cancer has also been confirmed by others. Lardinois et al 16 reported an increased accuracy of PET/CT compared with ceCT or PET alone in patients with small cell lung cancer. For the detection of para-aortic and porta lymph nodes, the sensitivity of PET/CT was lower (77%) although still superior to ceCT (sensitivity 46%). In contrast, both imaging techniques-ceCT and PET/CT-were unreliable for the detection of bone and peritoneal metastases. A more precise evaluation of bone lesions would require a bone scintigraphy, which is usually not performed because of the low incidence of bone involvement in patients with resectable Local recurrence at the site of the primary colorectal cancer is often missed by conventional ceCT, and positive findings are difficult to interpret due to the inherent changes related to previous colectomy and sometimes to postoperative infection. In this study, 15 patients (20%) had a local colorectal recurrence at the time of evaluation for liver resection. ceCT enabled the detection of only half of these patients, whereas all but 1 (93%) were correctly diagnosed by PET/ CT. Of note, the patient with a false-negative lesion received chemotherapy within a week of the CT/PET scan. A potential pitfall of PET/CT is the inability to differentiate between tumor and chronic infection, because both situations are associated with an increased FDG uptake. Although no falsepositive findings regarding local recurrence were present in the current series, this shortcoming needs to be considered. Whether PET/CT can obviate the need for colonoscopy remains to be demonstrated, but it is likely that PET/CT is superior because local recurrence is often extraluminal, which may remain undetected by endoscopy.
Although our study demonstrates that PET/CT provides valuable new information, several shortcomings need to be highlighted. FDG uptake is often not detected in small tumors (eg, Ͻ5 mm), which are also often missed on ceCT. There are currently no tests that can prevent such false-negative findings. As mentioned above, there are also false-positive findings, particularly in the setting of infection because FDG uptake will occur in infected lymph nodes. 19, 30 Furthermore, the clinical history should be well known because high blood glucose levels or recent chemotherapy may prevent FDG uptake by cancer cells. In this study, we found that the use of chemotherapy within 1 month of PET/CT resulted in a high incidence of false-negative results. Therefore, FDG uptake seems to be unreliable in patients with recent chemotherapy. However, whereas FDG uptake was negative, most of these lesions were seen by the fused CT findings. Thus, if the clinician is aware of this limitation, findings on PET/CT can still be of value.
In this study, we performed PET/CT without the use of intravenous contrast; therefore intrahepatic vascular structures were poorly delineated. This information is crucial in the planning of the surgical strategy. In addition, infiltration and thrombosis of portal vein branches are important pieces of information with prognostic significance. As a result, we now evaluate PET/CT with intravenous contrast, because this may obviate the need for additional ceCT or magnetic resonance imaging, or perhaps colonoscopy. Such a strategy would be attractive, enabling a one-step diagnostic procedure with a potential reduction in cost.
In conclusion, we demonstrate that PET/CT provides important additional information in patients with presumed resectable colorectal metastases to the liver, resulting in a change of therapy in a fifth of patients. The most significant additional information relates to the accurate detection of extrahepatic spread of tumor. Also, PET/CT was particularly valuable in detecting local recurrence at the margin of a previous liver resection and at the site of the primary colorectal surgery. Future studies should evaluate whether PET/CT with the simultaneous use of intravenous contrast would enable an accurate anatomic staging of patients with liver metastases without the need for additional tests.
Discussions DR. JAECK: Thank you for the opportunity to discuss this very nice paper. I think that you have to be congratulated for this very interesting study. It is the first prospective study comparing contrast CT and PET-CT in the preoperative evaluation of colorectal liver metastases. There was a real need to perform such a study. The main end point of the study was to evaluate how the PET-CT could change the surgical indications. You showed that in 79% of the patients, it did not. For the remaining 16 patients, the findings resulted in a change of treatment; however, 6 were still considered resectable, but with extrahepatic disease resection, and finally only 10 were not operated.
My first question concerns the cost-effectiveness of PET-CT. My second question concerns the 6 patients that you decided to operate on despite the presence of extrahepatic disease. Were you able to differentiate the PET-CT-positive nodes in the hepato-duodenal ligament from positive nodes around the celiac axis, as we could show previously that only proximal periportal lymph node metastases are associated with acceptable outcome? My main concern is about the 10 patients you decided not to operate. Indeed, if the extrahepatic disease could have been resected, it would suppress wrongly for these patients any hope for cure. My question is, did you use additional exploration such as biopsy to confirm the results of PET-CT and to avoid any false-positive? Secondly, what is your policy concerning resectable extra-hepatic disease, as you did not mention this aspect in your selection criteria?
Finally, it would be very interesting to compare CT to PET-CT with simultaneous use of intravenous contrast, which will probably add more information.
DR. SELZNER: Dr. Jaeck, thank you for your thoughtful comments. Cost-effectiveness was not an end point in our study, and therefore we cannot give you detailed information on this issue. However, since surgery was avoided in 10 out of 66 patients, substantial cost savings might be expected. Second, because of the high anatomic resolution of the PET/CT, we could convincingly differentiate PET positive lymph nodes in the hepato-duodenal ligament from those around the celiac axis. Third, in our series a biopsy was performed in each PET/CT positive finding, which was not seen by conventional ceCT. Fourth, we consider extrahepatic disease as a contraindication for liver resection, except for resectable lung lesions and proximal periportal lymph node metastases.
DR. SENNINGER: Thank you very much for your presentation. You are well ahead of us with an instrument like this; we have a PET/CT in Munster since January this year.
I have 1 comment and 2 short questions. The comment would be that in our experience we do not trust pelvic CT guided biopsies if they are negative. Whatever they show, during the exploration you can have a safe look at the liver and at the same time you can investigate if there is a leakage of the anastomosis that could result in a false-positive PET finding. Can you describe the effects of a previous thermoablation in the liver on PET results, because the surrounding inflammation could give a false-positive PET enhancement? Second, could you please highlight the value of the PET/CT for the differentiation of benign and malignant lesions? Every liver center has 1 or 2 patients per year where benign lesions are thought to be benign but turn out to be a malignant tumor. DR. SELZNER: No patient received thermo-ablation prior to the PET/CT in our series. However, this is an important question to address in future studies. Concerning your second question, our study focused on patients with suspected liver metastases, and in this population PET/CT was superior to DR. LERUT: I would like to challenge a little bit your results on detecting the lung metastasis. I was surprised that you had 4 patients in which the lung metastasis were "missed on CT scan," and I wonder whether they really were missed or whether it was just a confirmation by PET of an already on CT scan suspicious lesion. Indeed, if the PET shows a metastasis, you would expect that the diameter would be like at least 1 cm or more, and those are lesions that with modern spiral CT scan no radiologist would miss today. Secondly, along the same lines, would you agree that multislice spiral CT for the subcentimetric lesions is still more accurate than PET or PET-CT, because these lesions do not have sufficient critical mass to show up on the PET scan? DR. SELZNER: Thank you for this important question. I reported here the data as evaluated by our nuclear medicine/ radiologist author (T.F.H.) in a blind manner. I would like to let Professor Clavien address this issue and conclude the discussion.
DR. CLAVIEN: Dr. Lerut, this is an important point, which we have discussed in length with our "imaging" colleagues. PET/CT is a fusion of PET plus CT images, and the FDG-uptake has to be evaluated in combination with the CT finding. The fusion of both techniques was better than the additive information of each picture. CT missed these lesions because they were not enough suspicious regarding shape, size, and location. Your next question is whether ceCT is better than CT plus PET/CT for small lesions. This might be true today, although not apparent in our study. However, the forthcoming availability of PET/ceCT (ie, CT with intravenous contrast) will obviously be better than ceCT alone, and PET/ceCT may become the only test needed to assess these patients preoperatively. I would like to conclude that we (surgeons) should not see PET/CT as a tool which only leads to denial of surgery to many patients. PET/CT offers new opportunities to better target our therapy, and we may well find that patients with extrahepatic lesions other than in the lung and periportal nodes may also benefit from surgery. I believe that PET/CT should now be included in each trial to better secure homogeneity of the studied populations.
